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229education and planning (1,2). In cardiac surgery,
patient-speciﬁc 3D models of hearts with congenital
defects and aortic root have been reported (3,4).
These models hold value as task trainers and in pre-
operative planning. Such modeling could have
particular relevance to mitral valve (MV) repair
surgery.
Transesophageal echocardiography (TEE) is
routinely used to generate dynamic images of the
MV. The volumetrically acquired, electrocardiogram-
gated 3D data have good spatial and temporal
resolution, and resultant dynamic 3D images are
considered superior to the conventional surgical
visualization of the arrested heart. The surgical
choice of annuloplasty device is very subjective and
based on limited objective data (5). Although 3D TEE
imaging has introduced objectivity in MV analysis, it
offers limited depth perception on a ﬂat screen. A
tangible patient-speciﬁc model of MV before repair
procedure could possibly objectify MV analysis.
Although 3D TEE imaging is based on the same prin-
ciples of spatial and temporal synchronization as
computed tomography and magnetic resonance im-
aging, its value in generating 3D models of cardiac
structures has not been fully investigated.
Using 3D electrocardiogram-gated volumetric TEE
datasets, we assessed the feasibility of printing
models of normal, ischemic, and myxomatous MVs.
Echocardiographic images (Figures 1A to 1C, top) were
imported into commercially available software
(Image Arena, TomTec GmbH, Munich, Germany)
and analyzed and tracked using an automated
image segmentation program (MVA package 2.1)
(Figures 1A to 1C, middle). Models generated were
exported as stereolithographic ﬁles and sent for
printing using a 3D printer (Connex Objet260, Stra-
tasys Corporation, Rehovot, Israel). The resulting
models closely mimicked the original echocardio-
graphic pictures, indicating highly conserved ﬁdelity
(Figures 1A to 1C, bottom). Total time from image
acquisition to ﬁnal model generation was approxi-
mately 90 min.
Although current technological limitations pre-
clude accurate modeling of leaﬂet and annular
thickness, it is possible to manufacture models using
ﬂexible and pliable materials (Figures 1D and 1E).
Replicating precise natural tissue properties and
behavior also remains a challenge. However, as the
technology and materials for 3D printing evolve,
replication of dynamic tissue properties would open
the door for generating anatomically and physiologi-
cally accurate models. This may allow for designing
task trainers, patient-speciﬁc annuloplasty devices,
and prosthetic heart valves. Pulsatile ﬂow devicescould also be used to design and investigate multiple
iterations of a given valve for optimal intervention
to ensure a long-lasting repair and minimize chances
of recurrent mitral regurgitation. Such ﬂow-loop cir-
cuits also hold promise for use as “driving ranges”
for percutaneous devices and procedures. Currently,
however, our 3D printed valvular models are most
valuable for education, visualizing pathology, and
developing a superior surgical plan well before the
ﬁrst incision.Feroze Mahmood, MD
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Relevant at the Population Level?We read with great interest the paper by Kuwaki et al.
(1) describing a new grade of diastolic function and its
association with major adverse cardiovascular events.
The study is also noteworthy because the authors
performed speckle-tracking analysis of the left
atrium, giving an additional emphasis on the inter-
relation between diastolic function and left atrium
mechanics. In their study, Kuwaki et al. (1) deter-
mined diastolic dysfunction grades in patients
referred for echocardiography in a tertiary care cen-
ter. We sought to evaluate the prevalence of this new
Letters to the Editor J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 8 , N O . 2 , 2 0 1 5
F E B R U A R Y 2 0 1 5 : 2 2 6 – 3 1
230grade of diastolic function at the general-population
level.
In this study, we analyzed data from individuals
within the ﬁrst follow-up of a cohort representative,
at baseline, of a European adult population from
Porto, Portugal—the EPIPorto cohort study. All pa-
tients were prospectively evaluated with a clinical
interview, detailed echocardiography, and blood
testing. Patients with coronary artery disease, percu-
taneous or surgical revascularization, prior cardiac
surgery, or signiﬁcant valvular heart disease were
excluded from this analysis. A total of 1,038 in-
dividuals age $45 years (62% female; mean age:
62.4  10.6 years) were evaluated for the determina-
tion of diastolic dysfunction grades, applying the
same criteria used by Kuwaki et al (1).
In this sample from the general population, we
found that the new Ia grade of diastolic dysfunction
was present in only 53 individuals (5.1%), which is
3 times less frequent than the prevalence observed by
Kuwaki et al. (17.9%). In our population, most of the
patients had normal diastolic function (56.3%)
compared with only 35.5% in the study by Kuwaki
et al. Grade I diastolic dysfunction was found in 21.1%
(n ¼ 219); grade II in 9.5% (n ¼ 99); and grade III in
0.2% (n ¼ 2). In 67 patients (6.4%), no grade was
endorsed. The main differences in the prevalence of
diastolic dysfunction may be attributable to the high
prevalences of cardiovascular disease (21%) and of
cancer (25%) in the study by Kuwaki et al. (1). A lim-
itation of their study was the high prevalence (19.3%)
of mitral annular calciﬁcation in the group with grade
Ia, because in these patients the annular velocity
measurements and the E/ε0 ratio should be inter-
preted with extreme caution (2).
In our population, we observed that compared with
grade I diastolic dysfunction, individuals with the
new grade Ia diastolic dysfunction were older (age
72.7  8.1 years vs. 67.9  9.1 years; p ¼ 0.001), had
higher systolic blood pressure (150.2  25.6 mm Hg vs.
142.1  20.2 mm Hg; p ¼ 0.01), and had greater left
ventricular mass (p ¼ 0.004). On the other hand, when
we compared patients with the new grade Ia diastolic
dysfunction with those with grade II diastolic dys-
function, we found a signiﬁcant difference only in
age (72.7  8.1 years vs. 68.3  8.5 years; p ¼ 0.002).
These data also emphasize the difﬁculty in the
classiﬁcation of diastolic grades in some patients.
Sometimes parameters are conﬂicting, and there
is variation between observers and according to
the population studied. Nonetheless, in everyday
clinical practice, the determination of the E/ε0 ratio
should be routine. It has some limitations, but it
is easy to calculate, is reproducible, and providesprognostic information in several cardiovascular dis-
eases (2). Finally, in the same way that the evaluation
of systolic function should go far beyond the calcu-
lation of ejection fraction, the E/ε0 ratio should not be
“the be-all and end-all of diastology” (3).Ricardo Fontes-Carvalho, MD*
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Coll Cardiol Img 2014;7:759–61.REPLY: Is New Grade Ia of Diastolic
Dysfunction Relevant at the Population Level?We are grateful to Dr. Fontes-Carvalho and colleagues
for their interest in our study (1). A different preva-
lence of grade Ia diastolic dysfunction between our
study subjects and their cohort study subjects could
be primarily related to the difference in the patients’
background cardiovascular disease. A recent study
from the Mayo Clinic also showed a high prevalence
of grade Ia diastolic dysfunction in the study popu-
lation, although they used different cutoff criteria
to deﬁne grade Ia diastolic dysfunction (2). Of note,
when we encounter patients at a higher risk for car-
diovascular disease, there is increased prevalence
and diagnosis of grade Ia diastolic dysfunction, and
the recognition of this entity becomes important for
appropriate management.
We acknowledge the high prevalence of mitral
annular calciﬁcation (MAC) in grade Ia diastolic
dysfunction in our study. Although the E-wave
velocity (75  20 cm/s vs. 66  16 cm/s; p ¼ 0.0017)
and ε0 at the lateral corner of the mitral annulus
(5.0  1.5 cm/s vs. 4.8  1.4 cm/s; p ¼ 0.3477) were
greater in grade Ia diastolic dysfunction patients with
MAC (n¼ 44) compared with those in grade Ia diastolic
dysfunction patients without MAC (n ¼ 183), the
difference in E/ε0 between the 2 groups was
